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POWER SUPPLIES NOISE DETECTOR FOR INTEGRATED CIRCUITS 



Field 

This invention relates to circuits. More particularly, this invention relates to 
semiconductor chip on-die power supplies, positive and ground (or negative), noise 
detector circuits. 

Background 

Noise detector circuits are used in a variety of applications. Many noise detector 
circuits have been developed. Some noise detector circuits were developed for detecting 
noise on power lines. Other noise detection circuits were developed for detecting noise 
on radio signals. Unfortunately, many noise detector circuits designed to detect noise on 
power lines are not suitable for detecting noise signals that interfere with the operation of 
modern integrated circuits. Also, many noise detector circuits designed for detecting 
noise on radio signals are designed to detect noise only above a fixed threshold. 

Brief Description of the Drawings 

Fig. 1 is a block diagram of power supplies, positive Vcc and ground (or negative) 
Vss, and a circuit including a reference current source and a detector to detect a noise 
signal on the power supplies in accordance with some embodiments of the present 
invention. 

Figure 2. shows the circuit diagram of the self-referenced on-die power supply 
noise (droop) detector (SODDD) reference current source, shown in Fig. 1, in accordance 
with some embodiments of the present invention. 

Fig. 3 is the circuit of the voltage follower differential amplifier, shown in Fig. 2, 
in accordance with some embodiments of the present invention. 

Fig. 4 is a block diagram of the detector, shown in Fig. 1 , in accordance with 
some embodiments of the present invention. 

Fig. 5A is the circuit of the detector, shown in Fig. 4, in accordance with some 
embodiments of the present invention. 
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Fig. 5B is the circuit of the filter load shown in Fig. 5A. 

Fig. 6 is a flow diagram of a method in accordance with some embodiments of the 
present invention. 

Fig. 7 is a block diagram of a circuit including a plurality of reference current 
5 sources, a plurality of detectors, and a processor formed on a substrate in accordance with 

some embodiments of the present invention. 

Description 

In the following description of some embodiments of the present invention, 
10 reference is made to the accompanying drawings which form a part hereof, and in which 
are shown, by way of illustration, specific embodiments of the present invention which 
may be practiced. In the drawings, like numerals describe substantially similar 
components throughout the several views. These embodiments are described in sufficient 
detail to enable those skilled in the art to practice the present invention. Other 
15 embodiments may be utilized and structural, logical, and electrical changes may be made 

without departing from the scope of the present invention. The following detailed 
description is not to be taken in a limiting sense, and the scope of the present invention is 
defined only by the appended claims, along with the full scope of equivalents to which 
such claims are entitled. 

20 Fig. 1 is a block diagram of power supplies, positive Vcc and ground (or negative) 

Vss, 102 and 104 and a circuit 100 including a reference current source 106 and a 
detector 108 to detect a noise signal on the power supplies 102 and/or 104 in accordance 
with some embodiments of the present invention. The reference current source 1 06 
includes an output port 110 and an input port 1 1 1 from a control source (not shown). The 

25 detector 108 includes input ports 1 12, 1 14, and 116, and 117 from a control source (not 

shown) and an output port 118. The power supplies 102 and 104 include output ports 
120 and 122, respectively. The input port 1 12 of the detector 108 is coupled to the output 
port 1 10 of the reference current source 106. The input ports 1 14 and 1 16 of the detector 
108 are coupled to the output ports 120 and 122 of the power supplies 102 and 104, 

30 respectively. 
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The power supplies 102 and 104, in some embodiments, are power supplies, such 
as voltage power supplies used to provide power to integrated circuits. The power 
supplies 102 and 104 are not limited to power supplies that provide a particular voltage 
value. Any voltage values suitable for use in connection with providing a voltage to an 
5 integrated circuit are suitable for use in connection with the circuit 100 

The detector 108 is not limited to a particular type of detector. Any detector 
capable of detecting a noise signal is suitable for use in connection with the circuit 100. 
In some embodiments, the detector 108 detects positive noise signals. In some 
embodiments, the detector 108 detects negative noise signals. In some embodiments, the 

10 detector 108 detects positive and negative noise signals. 

In operation, the detector 108 receives a substantially noise free reference current 
signal 124 and noise signals 126 and 128 (when present on the power supplies 102 and 
104). The substantially noise free reference current signal 124 is received from the 
reference current source 106. The noise signals 126 and 128 are received from the 

15 power supplies 102 and 104, respectively. In response to the noise signals 126 or 128, 

the detector 108 provides a noise detection signal 130 at the output port 118. 

Figure 2. shows the circuit diagram of the self-referenced on-die power supply 
noise (droop) detector (SODDD) reference current source 106, shown in Fig. 1, in 
accordance with some embodiments of the present invention. The reference current 

20 source 106 generates the substantially noise free current signal 124 at the output port 1 10. 

A bandgap voltage reference unit 228, BANDGAP, described in "A CMOS Bandgap 
Reference Without Resistors" A.E. Buck et.al., IEEE Journal of Solid-State Circuits, 
vol.37. No.l, Jan. 2002, generates a temperature-insensitive voltage reference and bias 
voltage for the voltage follower differential amplifier 208, DIFFAMP2. Using a 

25 dedicated, substantially noise free ground reference 229, VSSQUIET, shielded and 

routed from the mother board power ground plane (not shown), for the reference current 
source 106, the generated output of the voltage follower differential amplifier 208, 
DIFFAMP2, is a power-supply-noise and quasi-temperature insensitive. It provides a 
bias voltage for a stack 230 of three diodes, PMOS-NMOS-NMOS. The output of the 

30 stack 230 is used by NMOS current scalers 232 to generate a selectable bias voltage for 
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PMOS current scalers 234, by way of digital control inputs, odcal<5:0>, for the purpose 
of calibration. The output current of the programmable (via odsel<2:0>) PMOS current 
scalers 234 is, then, mirrored by NMOS current mirror 236, whose current is, in return, 
mirrored by PMOS current mirror 238 to generate the substantially noise free differential 
5 reference current pairs. A clean differential reference current pair is used by the detector 

108 (shown in Fig. 1). The digital codes, odcal<5:0> and odsel<2:0>, are used for 
mismatches and process-voltage-temperature (PVT) calibration, and noise-level selection 
of the SODDD, respectively. They are not limited to six bit and three bit, and the 
reference current pairs are not limited to one (Irefpos <0> & lrefheg<0>), as shown here. 

10 More reference current pairs can be generated by adding more NMOSs and PMOSs to 
NMOS current mirror 236, and to PMOS current mirror 238, respectively. 

The substantially noise free ground reference 229, VSSQUIET, provides a ground 
voltage signal 234 that is substantially free of noise. For example, the substantially noise 
free ground reference 229, VSSQUIET, does not receive noise signals such as those in 

1 5 the detector 1 08, shown in Fig. 1 . 

In operation, the reference current source 106 provides the current signal 124 at 
the output port 1 10. The reference current source 106 uses the ground voltage signal 234, 
which is substantially noise free, to provide the current signal 124, which is substantially 
free from ground noise. For substantially positive power-supply Vcc noise free, the 

20 bandgap voltage reference 228 provides a voltage and a bias voltage to the voltage 

follower differential amplifier 208, which provides a voltage reference that is 
substantially free from positive power supply Vcc noise, to the PMOS-NMOS-NMOS 
diode stack. The voltage reference is also substantially temperature and loading 
insensitive. The diode stack provides a bias voltage, which is substantially positive 

25 power-supply Vcc noise free, to the controllable NMOS current scalers 232. The 

controllable NMOS current scalers 232 are connected to a PMOS diode load and provide 
a noise-free bias voltage to calibrate the controllable PMOS current scalers 234. The 
controllable PMOS current scalers 234 provide current to the NMOS current mirror 236. 
The NMOS current mirror 236 provide current to the PMOS current mirror 238. Both 
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the NMOS current mirror 236 and PMOS current mirror 238 provide the substantially 
noise free differential current signal 124 at the output port 110. 

Fig. 3 is a schematic diagram of the voltage follower differential amplifier 208, 
shown in Fig. 2, in accordance with some embodiments of the present invention. The 
5 voltage follower differential amplifier 208 includes a differential amplifier 302 including 
positive metal-oxide semiconductor field-effect transistors (PMOS) 304 and 306, 
resistors 308 and 310, output circuit 312 including serially connected positive and 
negative metal-oxide semiconductor field-effect transistors PMOS 314 and NMOS 316, 
and current source 318 including diode-connected positive metal-oxide semiconductor 

10 field-effect transistor 320 connected in series with positive metal-oxide semiconductor 
field-effect transistor 322, and a capacitor 324 connected to the gates of the metal-oxide 
field-effect transistor 322 and of the metal-oxide semiconductor field-effect transistor 314 
to the positive power supply Vcc. The capacitor 324 reduces noise in the differential 
amplifier 302. The amplifier 208 also includes the input port 222, an input port 326, the 

15 output port 224, input port 220, a voltage bias input port 328, and an input port 330. 

Fig. 4 is a block diagram of the detector 108, shown in Fig. 1, in accordance with 
some embodiments of the present invention. The detector 108 includes input ports 112, 
1 14, and 1 16 and output port 1 1 8. The input port 112 receives the substantially noise free 
current signal 124. The input ports 1 14 and 116 receive the noise signals 126 or 128 

20 (when present), respectively, from the power supplies 102 and 104 (shown in Fig. 1). 
The detector 108 provides the noise detection signal 130 at the output port 118. 

The detector 108 includes current mirrors 402 and 404, noise couplers 406 and 
408, comparator 410, and Schmitt trigger 412. The current mirror 402 includes an input 
port 414 and an output port 416. The current mirror 404 includes an input port 418 and 

25 an output port 420. The coupler 406 includes an input port 422 and an output port 424. 

The coupler 408 includes an input port 426 and an output port 428. The comparator 410 
includes input ports 430 and 432 and an output port 434. The Schmitt trigger 412 
includes an input port 436 and an output port 438. The input port 414 of the current 
mirror 402 is coupled to the input port 1 12 of the detector 108. The input port 418 of the 

30 current mirror 404 is coupled to the input port 1 12 of the detector 108. The input port 
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422 of the coupler 406 is coupled to the input port 1 14 of the detector 108. The input 
port 426 of the coupler 408 is coupled to the input port 1 16 of the detector 108. The 
input port 430 of the comparator 410 is coupled to the output port 416 of the current 
mirror 402 and the output port 424 of the coupler 406. The input port 432 of the 
5 comparator 410 is coupled to the output port 428 of the coupler 408 and the output port 
420 of the current mirror 404. The input port 436 of the Schmitt trigger 412 is coupled to 
the output port 434 of the comparator 410. The output port 438 of the Schmitt trigger 
412 is coupled to the output port 1 1 8 of the detector 108. 

In operation, the current mirrors 402 and 404 receive the substantially noise free 

10 reference current signal 124 from the reference current source 106 (shown in Fig. 2). The 
current mirrors 402 and 404 provide mirrored differential reference current signals 440 
and 442 to the comparator 410 The couplers 406 and 408 receive the noise signals 126 
and 128 (when available) and provide the filtered noise signals 444 and 446, respectively, 
to the comparator 410. The comparator 410 processes the mirrored differential signals 

1 5 440 and 442 and the filtered noise signals 444 and 446 to provide a noise detection signal 
448 to the Schmitt trigger 412. The Schmitt trigger 412 provides the noise detection 
signal 130 to the output port 1 18 of the detector 108. 

Fig. 5 A is a schematic diagram of the detector 108, shown in Fig. 4, in accordance 
with some embodiments of the present invention. The detector 108 includes input ports 

20 1 12, 1 14, and 116 and output port 1 1 8, and control inputs for only positive supply VCC 

noise only, or only ground (negative) VSS supply noise only, or both; and for noise 
frequency-band selection. The substantially noise free Vssquiet is also used. The input 
port 1 12 receives the substantially noise free reference current signal 124. The input 
ports 1 14 and 116 receive the power supply noise signals 126 and 128, respectively. The 

25 noise detection signal 130 is provided at the output port 118. The detector 108 includes 

the current mirrors 402 and 404. The current mirror 402 includes a capacitor 502 coupled 
to gates 504 and 506 of positive metal-oxide semiconductor field-effect transistors 508 
and 510, respectively. The current mirror 404 includes a capacitor 512 coupled to gates 
514 and 516 of negative metal-oxide semiconductor field-effect transistors 518 and 520, 

30 respectively. The current mirrors 402 and 404 are coupled to the comparator 410's 
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resistors, 522 and 526. Each noise coupler 406 and 408, is coupled to a resistor, which is 
connected to the substantially noise free ground Vssquiet. The resistor is coupled to a 
capacitor, which is coupled to a comparator 410 input, forming a high-pass filter. The 
noise coupler 406 includes three selectable capacitors 524. The noise coupler 408 
5 includes three selectable capacitors 528. Each capacitor of the couplers 406, 408 can be 

selected via the corresponding NMOS switch, which is turn on/off by control inputs 
odflr<2:0>. The selectable capacitors 524, 528 together with the corresponding 
selectable filter load 529 allow the selection of noises from three different frequency 
bands: low, medium, and high. The noise frequency bands are not limited to three as in 

10 this case. The comparator 410 is coupled to the selectable filter load, which is coupled to 
the Schmitt trigger 412. The resistors 522 and 526 set an initial bias level at the 
comparator 410. The capacitors 524 and 528 provide a path to the comparator 410 for 
noise signals. The Schmitt trigger 412 includes an inverter 530 including metal-oxide 
semiconductor field-effect transistors 532 and 534 coupled to an inverter 536. The 

15 inverter 536 is coupled to metal-oxide semiconductor field-effect transistors 538 and 540. 

The Schmitt trigger 412 provides hysteresis, that is, one transition level for a low-to-high 
transition and a different transition level for a high-to-low transition. Those skilled in the 
art will appreciate that the Schmitt trigger 412 can be followed by logic circuits 544 that 
control the selection of positive noise signals or negative noise signals. Those skilled in 

20 the art will also appreciate that the detection of a noise signal can be saved in memory or 
latched in a suitable logic circuit 546. 

Fig. 5B is a schematic diagram of the filter load 529 shown in Fig. 5A. The filter 
load 529 includes three selectable filter paths 530, 532, and 534. The selectable filter 
path 530 includes node 536, pass gate 538, and node 540. The selectable filter path 532 

25 includes node 536, pass gate 542, filter 544, pass gate 546, and the node 540. The 

selectable filter path 534 includes node 536, pass gate 548, filter 550, pass gate 552, and 
the node 540. In operation, signals provided at control nodes 554, 556, 558, 560, 562, 
and 564 control selection of the three selectable filter paths 530, 532, and 534. 

Fig. 6 is a flow diagram of a method 600 in accordance with some embodiments 

30 of the present invention. The method 600 includes receiving a substantially noise free 
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current signal (block 602), receiving one or two power supply signals (block 604), 
processing the substantially noise free current signal and the one or two power supply 
signals to detect a noise signal in the one or two power supply signals (block 606), and 
generating a noise detection signal in response to detection of the noise signal (block 
5 608). In some embodiments, receiving the substantially noise free current signal means 
receiving a pair of differential complementary current signals. A pair of complementary 
current signals includes a differential pair of current signals. In some embodiments, 
receiving one or more potential signals includes receiving at least two voltage signals 
having different polarities. For example, a positive voltage signals has a positive polarity 

10 and a negative voltage signals has a negative polarity, so a positive voltage signal and a 
negative voltage signals are examples of two voltage signals having different polarities. 
In some embodiments, processing the substantially noise free current signal and the one 
or two power supply signals to detect a noise signal in the one or two power supply 
signals includes comparing the one or two power supply signals to the substantially noise 

15 free current signal. Signals can be compared using a comparator circuit. In some 

embodiments, generating a noise detection signal in response to detection of the noise 
signal includes generating a digital signal in response to detection of the noise signal. In 
some embodiments, the method 600, further includes setting a calibration voltage level, 
and setting a threshold level. A calibration voltage level is a voltage level slightly above 

20 the ambient noise in a system. A threshold level is a voltage level that defines the noise 
threshold. A signal that exceeds the threshold level is considered a noise signal. 

Fig. 7 is a block diagram of a circuit 700 including a plurality of reference current 
sources 702, a plurality of detectors 704, and a processor 706 formed on a substrate 708 
in accordance with some embodiments of the present invention. The processor 706 is not 

25 limited to a particular type of processor. In some embodiments, the processor 706 

includes a very-long instruction word processor. The substrate 708 is not limited to being 
formed from a particular material. In some embodiments, the substrate 708 includes 
silicon. In some embodiments, the substrate 708 includes gallium arsenide. In some 
embodiments, the substrate 708 includes germanium. 
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In operation, each of the plurality of current sources 702 provide a substantially 
noise free reference current to one of the plurality of detectors 704 coupled to one or two 
power supplies (shown in Fig. 1). Each of the plurality of detectors 704 detects a noise 
signal on the one or two power supplies at different location on the substrate 708 and 
5 generates a noise detection signal to indicate detection of the noise signal. Thus, the 

circuit 700 can provide noise signal identification at a plurality of locations on the 
substrate 708. 

If the specification states a component, feature, structure, or characteristic "may", 
"might", or "could" be included, that particular component, feature, structure, or 

10 characteristic is not required to be included. If the specification or claim refers to "a" or 

"an" element, that does not mean there is only one of the element. If the specification or 
claims refer to "an additional" element, that does not preclude there being more than one 
of the additional element. 

Although specific embodiments have been described and illustrated herein, it will 

15 be appreciated by those skilled in the art, having the benefit of the present disclosure, that 
any arrangement which is intended to achieve the same purpose may be substituted for a 
specific embodiment shown. This application is intended to cover any adaptations or 
variations of the present invention. Therefore, it is intended that this invention be limited 
only by the claims and the equivalents thereof. 
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